A decision support system (DSS) tool for the assessment of intervention strategies (Alternatives) in an urban water system (UWS) with an integral simulation model called 'WaterMet 2 ' is presented. The DSS permits the user to identify one or more optimal Alternatives over a fixed long-term planning horizon using performance metrics mapped to the TRUST sustainability criteria. The DSS exposes lists of in-built intervention options and system performance metrics for the user to compose new Alternatives. The quantitative metrics are calculated by the WaterMet 2 model, and further qualitative or user-defined metrics may be specified by the user or by external tools feeding into the DSS. A multi-criteria decision analysis approach is employed within the DSS to compare the defined Alternatives and to rank them with respect to a pre-specified weighting scheme for different 
INTRODUCTION
Urban water systems (UWSs) face the long-term perspective of constraints and challenges associated with climate change, urbanisation growth, population growth and the limited availability of natural resources. This prospect requires the adaptation of the operation and infrastructure of UWSs to meet uncertain future scenarios through the adoption of mitigating technologies in the water industry.
Before these mitigating options can be practically implemented and incorporated into UWSs, it is suggested that their performance needs to be simulated, analysed and evaluated with other UWS components through an inte- 
METHODS
For a long-term, strategic-level planning of UWSs at the city/ system level, a number of alternative Intervention Strategies are usually proposed to deal with any possible limitations of the future urban water service. Selection of the most appropriate Intervention Strategy should be considered with respect to a number of different metrics and their preferences specified by stakeholders. Thus, a decision-making framework is required for evaluating the proposed intervention strategies and comparing them together and finally ranking and selecting the most appropriate one with respect to specified metrics and preferences. Additionally, this selection can be subject to various external scenarios which can affect the evaluation of intervention strategies.
All this is handled through the developed DSS in this work package. The developed DSS seeks to support this through a novel methodology for comparison and selection of alternative solutions, within the framework of long-term transition paths, and amidst multiple decision criteria.
DSS implementation
The assessment of intervention strategies in an UWS is encap- The DSS is also able to consider different annual rates (e.g.
growth, decline or fixed rates) for water demand profiles over a specified planning horizon. More specifically, the DSS defines these rates for four categories of water demand profiles, including domestic, industrial and commercial, irrigation frost tapping and unregistered public use (e.g. fire hydrant usage).
Note that annual variations of domestic water demands are expressed as annual rates of population change. These annual rates are then converted into annual rates of domestic water demand profiles for the household appliances and fittings supported by the DSS (i.e. hand basin, shower, dish washer, washing machine, kitchen sink and toilet). The desktop tool enables additional functionality over and above that available in the web-based tool. In particular, whereas the web-based tool requires that Intervention Strategies (Alternatives) be predefined in the WaterMet 2 input data, the desktop tool allows the end-user to interactively construct and evaluate their own Alternatives using any combination of the Interventions that are published by the WaterMet 2 model.
Principal steps

Defining the problem
Problem definition comprises the specification of three principal components by the user:
1. Analysis scenarios, e.g. different population growth, climate change and other Scenarios which define the external conditions within which the UWS operates.
2. Performance metrics of the UWS that will be used to assess performance of the system. Metrics may either be those exposed by the WaterMet 2 metabolism model or user-supplied. 
Population of decision matrix
For populating the DSS decision matrix, input data need to be specified and populated first through the relevant DSS forms.
By populating scenarios, performance metrics and intervention strategies in the relevant forms, the 'Environment' part of the DSS is completed and becomes ready for the 'Performance' part of the DSS. Each intervention strategy containing a set of individual intervention options occurring over the planning horizon, each with pre-specified timing, needs to be evaluated over the planning horizon. This is effected by modifying the rel- 
RESULTS AND DISCUSSION
Problem description
The case study shown here is inspired by, although not completely representative of, the UWS of a northern European city. This UWS is used here as a reference city for the case study combined with assumptions where necessary. The UWS will face a number of challenges, among which population growth is likely to impose significant strains on the UWS performance for future planning. As a result, it is predicted that the city population with ∼750,000 inhabitants in 2014 is estimated to reach approximately 1,240,000 inhabitants in 2045 based on the highest foreseen rate of population growth.
The DSS tool for the strategic planning of an integrated UWS over a pre-defined long-term planning horizon is presented here. The DSS evaluates and ranks a number of user-defined alternative intervention strategies (IS or simply alternatives) by evaluating their impact on a number of (user-defined) UWS performance metrics, all for a number of (user-defined) scenarios.
Scenarios
The UWS is likely to face the challenge of population growth in the future, which imposes increased water demand on the UWS. Two possible rates of future popu- The main features of these six performance metrics which will be required for the DSS are summarised in Table 1 .
Alternatives
To address the above issues, three types of intervention options are proposed for this strategic planning, as follows:
1. Addition of a new water resource along with two water treatment works (WTW).
2. Increased annual rehabilitation rate for pipes. The first strategy assumes BAU, i.e. effectively 'do nothing' in the UWS over the planning horizon 2011-2040. In fact, the BAU assumes that no intervention options are added to the UWS over the planning horizon when the specific rate of population growth (high or low) is envisaged.
Therefore, the performance of the other six intervention strategies (A1-6) comprised of at least one intervention option are compared with each other plus the first strategy.
Note that the intervention strategies numbered A2 to A6 start from 2015, while strategy A1 starts from 2020. Applying each of these intervention strategies is expected to have some specific impacts on the performance metrics of the UWS. These performance metrics specified for this analysis are described in the following. 
Stakeholder preferences
Comparison of the intervention strategies with respect to the above performance metrics can be conducted based on either equal metric weights or some specific weighting schemes based on priorities of different groups/parties. For the sake of this analysis, three weighting schemes, including equal weights, Water Company and Consumer perspectives, are considered for ranking the intervention strategies (Table 2) .
Population of decision matrix
The Tables 3 and 4 for each of the two scenarios.
Ranking of alternatives
Given the three weighting schemes and two scenarios, a total of six groups of ranking for the intervention strategies are obtained. Naturally, there are several ways that these rankings can be merged together to achieve a final ranking for each intervention strategy. In this instance, the sum of the ranks of each strategy is used for determining final ranking, as shown in the last column for each scenario in Table 5 .
As can be seen, Alternative A2, which has been consistently ranked highly, is selected in the top Strategy for both scenarios. Alternative A5 has the lowest final rank because it has been identified as the worst strategy for several scenario/weighting combinations. Therefore, while it is sensible to recommend Alternatives A2, then A0/A6 as the best strategies to adopt in this simple example, Alternatives A4 and A5 are clearly not to be recommended. However, further analysis will be required to fully cover and test different criteria for these strategies. by the experts outside the DSS was also included in the decision matrix to represent social acceptability of each intervention strategy. The DSS was then used to rank the intervention strategies using the CP MCDA method for several different weighting schemes representing different stakeholder preferences. The most robust intervention strategy was then identified as the one that was ranked highly in all scenarios and for different stakeholder preferences.
The results obtained on a case study demonstrate that the DSS developed and presented here can be used to effectively and efficiently assist the planners in making better, more objective and strategic-level decisions with respect to 
